Dealing with Temperature Increase of Waveguide for CW-ECH Power Transmission by Y. "Yoshimura et al.
§2. Dealing with Temperature Increase of 
Waveguide for CW-ECH Power 
T ransm ission 
Yoshimura, Y., Kubo, S., Shimozuma, T., 
Kobayashi, S., Ito, S., Mizuno, Y., Takita, Y., 
Notake, T., Ohkubo, K. 
Long-time plasma sustainment more than 5 minutes 
with ECH power was onc of the main objectives 'of LHD 
7th experimental campaign. Continuously working (CW) 
gyrotron with nominal power, pulse length of 200kW 
matching optics unit (MOUl output, 1000 seconds was 
prepared for the purpose. Also an evacuated power 
transmission line which has been used for other gyrotron of 
pulse-wise operation was reconstructed so that the 
transmission line could transmit power alternatively from 
the conventional gyrotron or from the new CW onc. 
For pulse length longer than 5 minutes, active cooling 
of waveguides were needed. Theoretical evaluation of 
power loss at the waveguide is 0.1 % loss/meter. That is, 
with 200kW MOU output, heat loss at waveguide is 
200W 1m. Fig.} shows a temperature of waveguide surface 
as a function of time experimentally measured using a 
waveguide covered with sheet heater. Adjusting the voltage 
given to the heater, 200W/m loss was imitated. A black tape 
was stuck on the waveguide surface and the temperature of 
tape was measured with IR temperature monitor. It is seen 
that the temperature reaches 100 degrees within about 15 
minutes and almost saturates at 150 degrees with time over 
60 minutes. 
During the 7th experimental campaign, we had 3 
times of trial of CW operation. At the first trial, lOs pulses 
are injected varying the amount and timing of gas-puffing, 
polarization of the injected EC-wave searching the 
optimized operation scheme with limited CW-power. At the 
second trial, 220s, 75 kW power injection (IOOkW MOU 
output) was performed though the plasma was terminated 
by radiation collapse at 210 seconds. At the third trial, the 
plasma duration of 7565 with 75kW power injection of 
766s: much longer than 5 minutes, was achieved. 
For the long pulse operation, though the covered 
portion was restricted, additional water-cooling jackets 
were attached on the waveguide. Fig. 2 shows the photo of 
the jackets on the waveguide. The jacket is made of 
rounded copper plate with copper cooling channel. The 
jackets were set on waveguide and the cooling channels are 
connected in a series along the transmission line. Cooling 
by air using fan was also applied for some parts such as 
MOU. 
Fig. 3 shows the temperature increase of waveguide 
during the 756s shot. Temperature at several points on the 
transmission line were measured with thermo-couples 
during the experimental campaign. In the plot, the 
temperature near the point with additional cooling jacket is 
denoted by thick curve and that without the jacket by thin 
curve. It is clear that the cooling works effective and useful 
for long-pulse operation but further improvement of cooling 
ability for longer pulse width in the next experimental 
campaign is necessary. 
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Fig. 1 Temperature increase of waveguide heated with a 
sheet heater imitating the power loss oftransmitted power. 
Fig. 2 A photo of the additional water-cooling jackets on 
waveguide. 
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Fig. 3 Temperature increase of waveguide during the 7568 
shot. Effect of the additional cooling channel is clearly 
seen. 
